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LOCALIZATION OF TASTE IN THE THALAMUS OF
MACACA MULATTA*
MARVIN BLUM, A. EARL WALKER, AND THEODORE C. RUCH
Traditionally the cortical representation of taste is described as
overlapping or adjacent to the cortical olfactory area. Bornstein2
points out that present teaching with regard to the gustatory system
is based not so much on an extensive and reliable body of experiment
as upon the inference of an intimate anatomical as well as functional
relation between taste and smell. The plausibility of this inference,
together with the phenomenon of uncinate fits, has led the majority
of writers to neglect scattered clinical and experimental observations
to the contrary, and to locate the cortical taste area in the region of
the uncus and hippocampal formation. On the basis of theoretical
considerations as well as observations on man and monkeys, Born-
stein2 has proposed a parietal opercular localization of taste: namely,
that the taste representation occupies the foot ofthe postcentral gyrus,
a region corresponding to Brodmann's area 43 in the human brain.
The purpose of the present experiments is to demarcate the thal-
amic nuclei which relay taste impulses to the cerebral cortex. The
locus of this relay and even the fact of the relay is an open question.
Enough is known of the topographic organization of thalamocortical
projection systems so that a demarcation of the thalamic nuclei for
taste should bear upon the problem of cortical localization of taste.
Conversely, Bornstein's hypothesis provides a definite point of attack,
and makes unnecessary a random exploration of the thalamus which
would 'be dictated by a purely empirical approach. It was predicted
that discrete lesions placed in the thalamus of the monkey in the
region of the nuclei which relay somatic sensation from the tongue
would produce impairment of the sense of taste. According to the
work of Walker"2 and of Le Gros Clark6 the arcuate nucleus projects
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to the face area at the lower end of the somatosensory cortex, and it
has been this nucleus that we have sought to destroy.
Methods
Lesions calculated to destroy the arcuate nucleus of the thalamus (n.
ventralis posteromedialis) were made with the Horsley-Clarke stereotaxic
instrument according to coordinates given by Atlas and Ingram.' The
lesions were always bilateral, since the two halves of the tongue could not
be separately tested. The threshold for taste was quantitatively determined
before operation in all cases. Of the available methods for testing sensation
in animals the "preference method" was considered best suited to testing
taste ability (Richterl0). It consists of confronting the monkey with two
solutions differing only in taste and in measuring the relative amounts of the
two solutions drunk over a period of a day or more. It assumes that con-
sistent choosing of one in preference to the other is possible only if the animal
is able to discriminate between the two. This method yields a "preference
threshold" which is probably somewhat above the "true threshold." Quinine
hydrochloride and water were the taste solutions. The response to quinine
is quite variable from monkey to monkey and those with a marked preference
against quinine were chosen by trial. Thirst will drive a monkey to drink
concentrations of quinine which are clearly rejected when a choice between
quinine and water is available. Therefore care was taken to read the tests
before the supply of water was exhausted. To increase the number of times
the monkey must sample the solutions, the average daily intake was divided
between 6 funnels, 3 containing quinine solution and 3 containing water;
another funnel, out of reach of the animal, served as an evaporation control.
The order of arrangement of water and of bitter solutions was altered from
day to day to avoid selection of water on the basis of position.
A subsidiary test of taste was used in some cases to allow testing in the
early postoperative period when the animal may be incapacitated and when
the threshold may be rapidly changing. Pieces of white bread (a vehicle vir-
tually without taste) soaked in various solutions of quinine or in water were
presented in a systematic fashion and the response was graded on a 5-point
scale between complete acceptance and complete rejection. Quinine-bread
was offered only after water-bread was accepted in three consecutive trials.
Complete experiments, pre- and post-operative testing and verification of
the lesion, were obtained in 3 monkeys (Macaca mulatta) involving 4 lesions.
Results
Interpretation of threshold curves. As in all determinations of
sensory capacity, there is no single stimulus (concentration) differ-
ence above which the subject discriminates perfectly and below which
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failure to discriminate is complete. Rather there is a range of con-
centrations varying from weak ones which are drunk equally with
water, through concentrations in which the percentage of bitter
accepted is an inverse function of the concentration, to ones which
will not be taken beyond an amount necessary to discover that the
solution is bitter. The curve of this relationship (Figs. 1 to 3) is
called a threshold curve. On these graphs the ordinates represent
the amount of bitter solution drunk as a percentage of the total fluid
taken during one or more test periods( Bitter x 100
The abscissae give the concentration of the quinine solutions and it
should be noted that equal intervals represent a doubling of the
concentration.
In unoperated monkeys the lowest threshold obtained is that
shown in Fig. 3, in which all solutions stronger than 0.0015 per cent
were to some degree discriminated against, while one of 0.0125 was
almost completely rejected. The same figures for the monkey least
sensitive to bitter were 0.0062 and 0.025, a degree of individual
difference which emphasizes the importance of careful pre-operative
tests. In general, the method appears to yield a surprisingly low
threshold and the smoothness of the curves is an indication of the
accuracy of the method.
Experiment 1
The subject was a healthy, tuberculin-negative, immature Macaca
mulatta, which weighed 3,000 gm.
Pre-operative tests of taste. This series consisted of 20 runs at progres-
sively smaller concentrations of quinine* and extended over a period of 1
month. Concentrations of 0.025 per cent (Fig. 1, solid line) were totally
refused; at successively weaker concentrations more and more quinine was
accepted and at 0.0031 the bitter solution and water were drunk indis-
criminately.
Operation: Bilateral Horsley-Clarke electrolysis of the region of the
arcuate nucleus of the thalamus.t May 23, 1940.
*Concentrations of quinine are referred to as 0.0015 per cent by which is
meant 0.0015 grams per 100 cc. of water, or "grams per cent."
t We are greatly indebted to Dr. J. R. Brobeck for making the Horsley-Clarke
lesions.
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The instrument was sterilized by immersion in alcohol. After the scalp
was shaved and prepared with soap and alcohol the instrument was fitted
without touching any but the lower screws and bars, which after re-scrubbing
were covered in draping. After calculating the basal plane, the skin, calva-
rium, and dura were opened. Bipolar electrodes with points separated 2 mm.
were inserted 12 times and electrolytic lesions were made at two levels 3 mm.
apart. A 2 m. amp. current passing for 30 sec. was used but could not be
maintained at this level in a few instances. The dura was closed on the
right and the wound was closed in layers with interrupted subcutaneous and
continuous subcuticular silk.
Metrazol was given postoperatively and the animal was returned to the
cage in good condition.
lst postoperative day. The monkey is unable to sit up or stand except
briefly, and it clings to the floor of the cage as though dizzy; the head is
rotated to the right but there is no nystagmus suggestive of injury by the
ear-bars. Motor power is strong in jaw and arms but weak in the lower
limbs. The arms are ataxic with a suggestion of terminal tremor.
4th postoperative day. Breathing is somewhat labored and the tempera-
ture is 101. Motor power is returning to the legs but it is not sufficient for
effective support or walking; ataxia of the arms is diminishing. The animal
still holds on to the bottom of the cage, frequently topples as though forced
over, and the head deviates.
8th postoperative day. The motor status is considerably improved; some
walking and adequate self-feeding are now possible. Placing and hopping
reactions are absent in all extremities, and position sense seems absent in the
legs. The head is rotated.
23rd postoperative day. Recovery has been rapid. The animal is
stronger, and is more active and alert, and is interested in his surroundings.
Head position and use of the hind limbs remain somewhat abnormal. Hop-
ping and placing reactions are still absent. The motor status was deemed
adequate to allow testing of taste.
Postoperative tests with quinine-bread. During the first postoperative
weeks the animal was unable to drink from the funnels effectively but was
tested with pieces of bread soaked in strong (1.0 per cent) quinine solutions.
In from .5 to 10 days after operation such treated bread was eagerly eaten
without the slightest sign of displeasure or indication that anything was amiss.
This concentration is quite intolerable to normal monkeys and to man. On
the 13th day, quinine-bread was chewed somewhat slowly, and sometimes
inspected before finishing it. This reluctance increased progressively and at
24 days bread soaked in 0.2 per cent solution was rejected.
Postoperative tests with solutions. Twenty-five days after operation the
monkey was able to drink from the funnels if they were well filled, so that
75 cc. in 4 instead of 6 funnels were used. The test consisted of 12 runs
extending over 26 days.
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Fig. 1 shows that the monkey at this stage was only slightly inferior in
taste performance to the pre-operative condition. The concentration required
for a given reaction, degree of rejection, was just doubled.
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taste of a lesion
Autopsy notes (A. E. Walker). The brain was washed and injected
with formalin through the aorta. There was a dural defect 1 cm. in diam-
eter over the motor area close to the midline, and beneath, in a circle of
7 mm., the brain was yellow and pitted to the depth of 2-3 mm.
The thalami and basal ganglia and central regions of the cortex were
cut at 25,u, and every 5th and 6th section were saved. Every 25th section
was stained with Nissl technic and the next section by the Smith-Quigley
technic for myelin. Throughout the lesion every 5th section was stained for
cells. Two sections are shown in the plate. The lesions are symmetrical on
the two sides unless otherwise stated.
In the superficial lesion of the cerebral cortex the neurones are destroyed
over the crater and for 1 mm. on either side. Extending into the white
matter from this lesion are three tracts about 1 mm. apart, which enter the
thalamus through the stratum zonale, at approximately the middle of the
n. centrum medianum, towards its posterior extremity. The 3 tracts con-
tinue posteriorly to a large lesion which lies on either side of the 3rd nerve
nucleus. The lesion is quadrilateral in shape and measures 2 mm. in each
dimension. The superior margin of the lesion lies almost on the nucleus
limitans which is on the boundary between the mesencephalon and dience-
phalon. The lesion has destroyed the nucleus interstitialis of Cajal, the
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nucleus of the posterior commissure, a small portion of the nucleus ruber, and
laterally reaches to the substantia nigra. It does not appear to have damaged
the cerebral peduncles or the lateral or medial lemnisci. On both sides it
has damaged the lateral part of the n. parafascicularis and on the right
side the tractus habenulo-interpeduncularis. The posterior extremity of the
lesion lies in the tegmentum of the mesencephalon just lateral to the posterior
longitudinal bundles, where it interrupts some of the fibers of the brachium
conjunctivum and the central tegmental fibers.
Summary of experiment 1. A high degree of acuity for bitter
solutions was manifested prior to operation. A lesion designed to
destroy the arcuate nucleus produced severe disturbances of posture
and movement and loss of hopping and placing reactions. Tests
with quinine-bread indicate a severe or complete loss of taste sensi-
bility in the first 10 postoperative days; taste ability largely teturned
in the ensuing two weeks. In formal tests with quinine solutions
conducted from the 25th to the 51st postoperative day the threshold
was only slightly increased. This sequence of events suggests that
the lesion temporarily damaged the thalamic relay of taste impulses
or the taste tracts as they enter the thalamus. The lesion, which is
shown in Figs. 5 and 6, was situated in the thalamic border of the
mesencephalic tegmentum, damage to which accounts for the motor
symptomatology. The lesion spared the arcuate nucleus (see
Fig. 6) though the caudal pole was slightly damaged.
Experiment 2
An immature female Macaca mulatta, weighing 2.9 kg., and tuberculin-
negative, was the subject.
Pre-operative testing of taste. In 13 runs extending over a period of
27 days, 0.025 per cent quinine was absolutely refused and 0.0093 and
0.0062 were not discriminated from water.
First operation: Bilateral Horsley-Clarke electrolysis in the region of the
dorsomedial nucleus of the thalamus. April 10, 1940.
Operative procedures were the same as in the previous experiment, and
were uneventful except for nicking the longitudinal sinus. The coordinates
were also the same except that 2 instead of 3 punctures were made in the
R-L plane. But the basal plane was calculated with a factor of one-third
instead of the one-fourth which was used in the chart series; this had the
effect of placing the lesion several mm. superficially.
lst postoperative day. The monkey is up and active with no obvious
disturbance of motion.
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2nd postoperative day. Cage behavior is entirely normal. There is no
paralysis of the hind legs to suggest blockage of the sinus. Both arms are
used effectively and no facial weakness is present. Response to pin-prick is
normal over tongue, face, and limbs. Hopping and placing reactions are
somewhat sluggish in the fore limbs and absent in the hind limbs.
Postoperative tests of taste. These could be started on the third post-
operative day. Retention of taste ability was tested by presenting 0.025 per
cent quinine, the weakest concentration completely refused in pre-operative
tests. In two runs this concentration was again completely refused. Since
the placement of the lesion was known to be in error testing was discon-
tinued and the animal re-operated.
Second operation: Bilateral Horsley-Clkrke electrolysis in the region of
the arcuate nucleus of the thalamus. June 11, 1940.
The details of the operation including the placement of the lesion were
as in experiment 1. Difficulty was encountered in maintaining a current
flow of 3 m. amp.
1st postoperative day. The monkey is extremely depressed, lying motion-
less; it is indifferent to handling but is not comatose. Forced grasping
is elicitable in all extremities and the lips and mouth resist passive opening, and
voluntary opening appears impossible. Feeding is accomplished by stomach
tube.
4th postoperative day. Vital signs are normal. The animal is unrespon-
sive and makes no attempt to stand or to initiate movements; imposed postures
are maintained for minutes (catale.psy). The face is mask-like and shows
neither voluntary movements nor emotional expression. Placing and hopping
reactions are absent, as is chin placing.
10th postoperative day. The main cage activity consists of sitting list-
lessly with bent and drooping head. Voluntary movements are infrequent
and ineffective except for limited jaw movements. A trace of catalepsy
remains. Forced grasping is still present in hands but not in feet; hopping
and placing is absent.
4th-8th postoperative weeks. Gradual improvement occurred but normal
motor performance was never attained. The slumped cage-posture persisted
for 3 weeks; walking occurred 27 days after operation and climbing a month
later. At 5 weeks the hands were used in feeding but exhibited a coarse
intention tremor, ataxia, and deficient motor power. At one month the head
was often thrust at a banana, but the mouth was not opened and food in the
mouth was not properly controlled.
Postoperative tests with quinine-bread. These were conducted period-
ically during the period of motor disability. Bread treated with I per cent
or stronger quinine solutions was eaten without sign of distaste between the
22nd and 30th postoperative days and at 48 days such bread was at first
accepted and then refused. After 2 months it was consistently refused.
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Postoperative tests with solutions. An attempt to test taste 60 days after
operation was unsuccessful because little fluid was drunk over extended periods
owing to the animal's incapacity and the high humidity. In the first run
with the 0.25 per cent solution adequate quantities were drunk, and bitter
and water were drunk indiscriminately (41 per cent), but in the next two
runs only 9 per cent quinine was taken. Though the latter runs are unre-
liable because of the small quantities involved they suggest that the animal was
able to discriminate this relatively strong solution.
Six weeks later (102 days) the animal could drink easily from the funnels
and a series of 13 runs extending over 24 days was obtained and forms the
basis of the broken curve in Fig. 2. The concentrations of quinine which
elicited equivalent degrees of rejection in this series were almost exactly four
times greater than irn pre-operative tests. This is a definite impairment of
taste existing 102 days after operation.
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Quantitative quinine-bread tests. Concurrently with drinking tests formal
tests with quinine-bread were conducted according to the procedures outlined.
The response to 0.05 per cent quinine was indistinguishable from the response
to water bread; 0.1 per cent bread was sometimes eaten and sometimes
rejected; 0.2 per cent was uniformly strongly distasteful or completely
rejected. This performance is quite consistent with that on quinine solutions.
Histological notes. The brain was cut in the plane of the Horsley-ClarkeLOCALIZATION OF TASTE
instrument and every 10th serial section at 25,u was stained with the Nissl
technic. The lesions are symmetrical unless otherwise stated.
Needle tracts enter the thalamus through the stratum zonale at about the
middle of the dorsomedial nucleus. About 1 mm. below the lateral ventricle
the tracts lead to a quadrilateral lesion (2 mm. on a side) in the ventrolateral
portion of the dorsomedial nucleus. From this lesion the tracts continue
caudally hnd inferiorly to the junction of the diencephalon with the mesen-
cephalon, in the region of the caudal extremity of the arcuate nucleus and
the ventromedial portion of n. posterolateralis. There, another lesion arises
bilaterally, which is 4 mm. in height, 2 mm. in width, and 3.5 mm. in length.
It has damaged the caudal portion of the centre median, a small part of the
caudal portion of the arcuate nucleus and the ventromedial portion of n. pos-
terolateralis. Extending into the subthalamus and mesencephalic tegmentum
the lesion lies between the medial geniculate body and the 3rd nerve nucleus,
which are spared. The caudal extremity of the red nucleus seems to be
destroyed along with adjacent parts of the tegmentum; the substantia nigra
is invaded.
Summary of experiment 2. After a quantitative determination
of the threshold for taste by the preference method an electrolytic
lesion was made in the posterior thalamic region with the Horsley-
Clarke apparatus. No disturbance of motion, sensation, or taste
resulted from this lesion. A second lesion was made with the same
settings except for depth, which had been miscalculated for the first
lesion.
The second lesion was followed by severe and varied motor dis-
turbances which were initially incapacitating and persisted in some
degree for several months. These induded hypoactivity wvhich at
first verged on catalepsy, disequilibrium, motor weakness, tremor,
ataxia, forced grasping, forced closure of the jaws, defective use of
the buccal musculature which interfered with eating, and absence of
hopping and placing reactions.
Taste was severely impaired if not completely abolished during
the first postoperative month when bread treated with 1 per cent
quinine solution was eaten without sign of distaste. Such tests,
together with a short postoperative retention test with solutions, indi-
cate that taste acuity improved throughout the 2nd and 3rd post-
operative months. About 15 weeks after operation the residual
taste ability was determined quantitatively by the preference method
with the result shown in Fig. 2. The weakest solution which was
completely rejected (rejection threshold) was 0.I per cent as
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opposed to 0.025 per cent before operation. Quinine solution was
drunk as readily as water when the concentration reached 0.025 per
cent after operation in contrast with 0.0093 pre-operatively. Thus,
after 15 weeks of recovery the taste ability was reduced approxi-
mately to one-fourth of the pre-operative ability. This result was
confirmed by concurrent tests with quinine-bread technic.
The position of the lesion accounts for the severe motor symp-
toms of the extrapyramidal type. Its posterior extension invaded
the mesencephalon damaging the caudal extremity of the red nucleus
and adjacent parts of the tegmentum; the substantia nigra was
invaded. The cephalic portion of the lesion destroyed the caudal
tip of the arcuate nucleus, of the adjacent center median, and of
the ventromedial portion of n. posterolateralis. The disturbance of
taste maytherefore be ascribed to one of these nuclei or to the secon-
dary taste neurones coursing to them.
The first lesion which was without effect on taste was found in
the dorsomedial nucleus and has some value as a control.
Experiment 3
Histological and neurological observations in the first two experiments
suggested that the settings of the Horsley-Clarke instrument calculated from
the Atlas and Ingram chart series give a lesion a few mm. caudal and
inferior to the arcuate nucleus. The settings were therefore appropriately
altered for this experiment. This immature male Macaca mulatta was
tuberculin-negative and of a size suitable for the stereotaxic apparatus
(2.85 kg.).
Pre-operative tests of taste. A short series of 10 runs extending over 13
days yielded a smooth curve (Fig. 3) and the greatest gustatory acuity
encountered in this series. Concentration of quinine solution was reduced to
0.0015 per cent before all signs of discrimination disappeared, and 0.0125
per cent was completely rejected if a small consumption of bitter solution is
allowed for "sampling." In quinine-bread tests run concurrently 0.0125
per cent was also rejected and the threshold for complete acceptance was-
slightly higher (0.0031 per cent) than in the tests with solutions. The two
methods are therefore in quite close agreement.
Operation: Bilateral Horsley-Clarke electrolysis in the region of the arcuate
nucleus of the thalamus. Dec. 11, 1940.
The operation was routine in all details except that the center line of
the instrument fell over the right nostril in repeated fittings of the instrument.
Four punctures and 8 lesions were made on each side. The operation was
well tolerated and the animal was up and active on the same day.
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1st and 2nd postoperative days. No abnormality in ordinary cage activi-
ties beyond a slight, generalized weakness was observed, nor did subsequent
examination reveal any definite motor symptoms.
Examinion of sensation. At 6 weeks non-visual hopping and placing
reactions were present in all extremities but slightly diminished on the right;
chin placing was normal. Defense reflexes were elicited from nostrils, meati,
and tongue. The response to pin-prick and pinching appeared undiminished
in tongue, face, and limbs. Nine weeks after operation sensation was exam-
ined as follows. By light anesthetization with nembutal a half-sleeping state
was induced in order to negate the stoicism which interferes with sensory
examination of the monkey. Opening of the eyes, shivering, or slight defen-
sive movements were elicited by light pinches, pin-pricks, and by drawing a
blunt object over the skin of the face. Stimulation of the face possibly
elicited less definite signs of pain than did that of the limbs, but pain and
touch were clearly preserved over the face and tongue.
Postoperative tests with solutions. Because motor disturbances were not
encountered a postoperative retention testing of taste could be initiated as
early as the 5th postoperative day. Little discrimination against quinine at
0.5 and 0.1 per cent was manifested (B/T was 38 per cent) and in one
run on 0.2 per cent 30 per cent bitter solution was consumed. The quinine-
bread procedure indicated that taste acuity was changing rapidlv so that
further tests with solutions were postponed. Beginning 28 days after opera-
tion a series of 20 runs extending over 28 days provided the data for the
threshold curve shown in Fig. 3. Quinine at 0.025 per cent was drunk in
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Fia. 3. Threshold curves showing a severe impairment of taste consequent to a lesion
which destroyed most of the arcuate nucleus of the thalamus.
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equal quantities with water. This indicates a severe impairment of taste,
because pre-operatively a concentration of half this strength was absolutely
refused. A solution as strong as 0.2 per cent was drunk in considerable
quantities (20 per cent); this is probably not far below the threshold for
rejection, since in 3 of 5 runs this solution was virtually rejected. Therefore,
as extrapolation would suggest, the threshold for rejection is in the region
of 0.4 per cent.
Histological notes. The thalamus was serially sectioned at 25,u and every
9th section was stained by the Nissl and the 10th by the Weil technic. A
section through the middle of the lesion is shown in Fig. 7. On each side
four tracts consisting of a collection of phagocytic cells with fibroblastic and
capillary invasion pierce the corpus callosum and fornix. The two medial
tracts pass through the lateral portion of the dorsomedial nucleus of the
thalamus and the rostral lateral tract passes through the rostral and most
medial portion of n. lateralis posterior. At a little less than half the depth
of the thalamus, the tracts expand into a large, very irregular, cuboid lesion
which descends approximately to the inferior margin of the thalamus. It is
composed of a mass of phagocytic cells, necrotic debris, and blood pigment,
with fibrous tissue invasion. The lesion has destroyed medially a large
portion of the centre ne'dian, and laterally a small portion of the medial edge
of n. ventralis posterolateralis. Between these two it lies squarely in n.
ventralis posteromedialis (arcuate).
Summary of experiment 3. In pre-operative tests of taste this
animal manifested the greatest gustatory acuity of the series. The
quinine solutions were weakenedto 0.0125 per cent before any bitter
solution was drunk except the small amount necessary for "sam-
pling," and to 0.0015 per cent before all evidence of discrimination
against bitter disappeared. The location of the Horsley-Clarke
lesions was altered on the basis of the previous experiments, with the
result that disturbing motor incapacities were avoided. Gustatory
acuity was profoundly decreased On the 8th to the 10th postoper-
ative days taste was virtually abolished, since bread soaked in solu-
tions of 0.2, 0.5, and even 1.0 per cent quinine was eaten without
evidence of distaste; the comparable figure before operation was
0.0062 per cent. In testswith solutions 5 to 10 days after operation,
considerable amounts (30 to 40 per cent) of bitter were drunk at
concentrations ranging from 0.5 to 0.2 per cent. After an allowance
of 4 weeks for recovery, tests with solutions extending throughout
the second postoperative month revealed aserious deficit in gustatory
capacity. Solutions of 0.025 per cent were drunk indiscriminately
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with water in contrast to a concentration of 0.0015 before operation,
which represents a 16-fold increase of the acceptance threshold.
Comparable or greater differences obtained for other points on the
two threshold curves (Fig. 3). Thus the ability to taste was almost
completely abolished at a period at which residual sensory symp-
tomatology is usually approximated.
The lesion (Fig. 7) in this animal has considerable localizing
value. The whole of the arcuate nucleus is involved except for
the extreme rostral and caudal tips of the nucleus. The adjacent
nuclei apart from the centre mMdian are relatively little damaged.
The centre mdedian is severely invaded as might be expected from its
intimate topographical relation to the arcuate nucleus. It, however,
has no cortical projection. This experiment strongly suggests that
the thalamic relay for taste lies in the region of the arcuate nucleus.
Summary of experimental results. Three monkeys in which
lesions were placed in the region of the arcuate nucleus of the
thalamus exhibited virtually complete loss of taste sensibilitv as the
immediate result of the operation. In the first two monkeys the
immediate, nearly total deficit gradually diminished but in one a
moderate permanent deficit remained. The heavy initial deficit
combined with a high degree of recovery was consistent with the his-
tological finding that the lesions destroyed only a small part of the
arcuate nucleus. Both lesions were, however, in a position to damage
temporarilyand in some degree permanently the arcuate nucleus and
especially fibers passing to it. The lesion in the third monkey was
placed squarely in the arcuate nucleus and taste was again completely
abolished during the first postoperative days. But unlike the first
two experiments, the grave initial disturbance persisted as a perma-
nent taste deficit. The residual hypogeusia was of considerable
magnitude since the threshold concentration was 33 times higher
than before operation.
Although this series is insufficient fully to establish our findings,
three consistent experiments constitute strong evidence that the
impairment of taste resulting from thalamic lesions depends upon
the extent of damage to the arcuate nucleus or to fibers passing to it,
and that the arcuate nucleus is the thalamic relay for taste impulses.
Discussion
As pointed out above, one reason for demarcating the thalamic
relay for taste was the expectation that such information would aid
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in determining the cortical representation of taste. This is possible
because the cortical terminus of projection fibers from the arcuate
and neighboring nuclei has been worked out in detail by Walker"2
and Le Gros Clark.'
The primary somatosensory area of the cortex, i.e., the area of
the cortex known to receive direct projections from nuclei in which
the great ascending sensory systems terminate, coincides with Brod-
mann's cytoarchitectural areas 3 and 1, which form a strip occupying
the posterior wall of the central fissure throughout most of its extent
A 0 A
FIa. 4. (A) Brodmann's cytoarchitectural map of the cercopitheque cerebral cortex as
modified by Vogt and Vogt."1
(B) Illustration of an experimental lesion of the inferior postcentral gyrus [portion of
the sensory area (3-1-2)] with retrograde degeneration in the n. ventralis posterolxteralis
(ve), leaving the medial portion of the arcuate nucleus undegenerated.
(C) An illustration showing that a lesion of the cerebral cortex involving the inferior
precentral portion of areas 3 and 1 causes extensive retrograde degeneration of the arcuate.
(B and C from Le Gros Clark.6)
(Fig. 4). This strip of cortex is the "primary sensory area" and
upon it the body surface is projected in ladder-like fashion, with the
face area in the region of the inferior end of the postcentral gyrus.
This has been shown to be true for man by Penfield and Boldrey9
and in a detailed fashion for the monkey by Woolsey, Marshall, and
Bard."3 Though it is often forgotten, Vogt's11 cytoarchitectural map
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ofthe cercopitheque brain (Fig. 4) shows areas 3 and 1 comingtothe
surface and swinging forward across the lower end of the central
fissure, to occupy a region at the foot of the precentral gyrus. Bucy4
does not specify the cytoarchitectural nature, beyond the fact that it
is not a part of the motor areas.
Walker's retrograde degeneration studies"2 indicate that the pro-
jection to the postcentral convolution arises from the nudeus ven-
tralis posterior, a-composite nuclear mass including the nucleus ven-
tralis posterolateralis and the nucleusventralis posteromedialis. The
latter is the arcuate nucleus. He finds a precise topical localization
of the fiberswithin the projection, such that the upper portion of the
postcentral convolution, which is the area serving the lower extrem-
ities, receives its fibers from the external portion of the nucleus;
the intermediate portion of the convolution, serving trunk and arms,
receives its fibers from the middle part of the nucleus; while the
inferior portion of the convolution is supplied by fibers from the
most medial portion of the nucleus, i.e., from the arcuate nucleus.
Walker finds further that this precise and orderly arrangement of
the projection correlates exactly with the termination of the afferent
somatosensory systems in the ventral posterior nucleus, in which the
fibers from the nucleus gracilis (leg) terminate laterally, those from
the cuneatus (arm) in the intermediate portion, and those from the
trigeminal lemniscus (face) medially, in the arcuate.
Le Gros Clark's studies' of retrograde cell degeneration follow-
ing lesions of the postcentral gyrus also demonstrate a topographical
organization of the thalamocortical projections. Le Gros Clark
stresses a feature of this projection which may prove to be highly
significant. He found that not until a lesion is made to include the
precentral component of areas 3 and 1 is degeneration found in the
medial part of the ventral posteromedial (arcuate) nucleus (see Fig.
4, B and C). This would mean that a substantial projection from
the arcuate nucleus passes to the precentral portion of the sensory
area. Correlating these observations with functional maps of the
postcentral gyrus suggests that the projection from the medial part
of the arcuate nucleus may serve sensibility of the mouth, tongue,
and associated parts. Strychnine, in experiments carried out by
Dusser de Barenne, sometimes appeared to differentiate these parts
from the head and face. In the Woolsey, Marshall, and Bard13
map of the somatosensory area, external face including lips is repre-
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sented before the lower end of the central fissure is reached; the
tongue first appears in the posterior wall of the central fissure where
area 3 crosses its inferior end. This would appear to mean that the
whole of the tongue area lies not in the postcentral gyrus but in what
morphologically is the foot of the precentral gyrus but cytoarchitec-
turally, according to the Vogts and others, is a continuation of the
somatosensory cortex. According to the observations of Le Gros
Clark and others the medial part of the arcuate nucleus projects
mainly to the foot of the precentral gyrus and is probably not con-
cerned with sensation from the face but only with buccal sensibility
including taste. In short, there is in thalamus and cortex an exten-
sive neurone field which does not seem to be concerned entirely with
somatic sensation. Destruction of the thalamic field causes severe
disturbances oftaste. Thus, fourindependent lines ofinvestigation-
localization of taste in the thalamus, thalamocortical projections,
cytoarchitecture, and functional mapping of the sensory area-com-
bineto suggestthat taste is localized in the monkey not at the inferior
end of the postcentral gyrus but at the foot of the precentral gyrus.
Thatthetaste area ofthe cerebral cortexlies in the general region
of the inferior pre- and post-central gyri rather than in the hippo-
campal gyrus orinsula is indicated byclinical and experimental obser-
vations of Bornstein.3 This view of taste localization he termed the
"opercular" theory. From a study of a series of cases in which bullet
wounds in the region of the Sylvian fissure produced disturbances
of taste, hearing, and of mastication, he suggests a slightly different
localization than we have proposed. He believes that taste repre-
sentation lies in Brodmann area 43 of the human brain, which
occupies a small areain the postcentral operculum. The major point
however is that the present experiments, combined with knowledge
of thalamocortical projections are strong support for the localization
of taste in this general region rather than in the hippocampal gyrus.
Summary and Conclusions
The purpose of this study was to identify the thalamic nucleus
subserving taste, which for a priori reasons was believed to be the
arcuate nucleus. To this end, procedures for testing taste objec-
tivelyand quantitatively were developed, and the threshold for taste
was determined pre-operatively in three Macaca mulatta monkeys.
Bilateral electrolytic lesions designed to destroy the arcuate nucleus
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were made with theHorsley-Clarke stereotaxic instrument, and post-
operative taste thresholds were then determined. The results on
the three monkeys are consistent with the conclusion that the arcuate
(n. ventralis posteromedialis) nucleus is the thalamic representation
of taste and hence that taste and somatic sensation are contiguously
represented in thethalamus. This finding, together with anatomical
and functional correlations, directs attention to the anterior extension
of Brodmann's areas 3 and 1 into the foot of the precentral gyrus
as the cortical locus of taste.
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potentials. Bull. Johns Hopkins Hosp., 1942, 70, 399-441.Fic. 5. Experiment 1. Section throuighi the caudal pole of the arcunte nucleus showing the
antelior eiud of the lesions. Sinith-Quigley technic for iniyelin.
FiG. 6. Experiment 1. A section tlhrotuglh the body of the arecuate nucleus (v.p.m.) showing it
has largely escaped damage. This section serves to identify the regions in the next figure.
Fia. 7. Experiment 3. A section through the middle of the lesion showing the degree to which
the arcuate nucleus was destroyed at this level. Section is in the plane of the Horsley-Clarko
instrument. Weil stain.
Abbreviations used in illustration: v.p.m., n. ventralis posteromedialis or "arcuate" nucleus; v.p.l.,
n. ventralis posterolateralis; c.m., n. centrum medianum; m.d., n. medialis dorsalis; l.p., n. lateralis
posterior; n.r., n. ruber; and s.n., substantia nigra.